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Topical Review

Transcranial Direct Current Stimulation in Poststroke
Aphasia Recovery

Susan Wortman-Jutt, MS, CCC-SLP; Dylan J. Edwards, PhD

Transcranial direct current stimulation (tDCS), a form of
noninvasive brain stimulation originally studied for its
effect on motor limb physiology,! has been investigated for its
use in the treatment of aphasia since 2008.> The experimen-
tal use of tDCS for aphasia, however, began differently from
those paradigms established for poststroke motor recovery,
both conceptually and in method. Not only is aphasia research
a relative newcomer to the field of tDCS experimentation, it
has thus far been somewhat of an outlier in its limited use of
tDCS autonomously.

Theoretically understood to be vastly more complex than
our intricate motor systems, cortical language representation
has most recently been conceptualized as a dual stream, dif-
fuse network,*® with language processing subcomponents
evolved from nonlinguistic primates.”® In the dual stream
model, human language functions are lateralized primarily
in the left hemisphere, with Broca’s area comprising the left
complement of a bilateral dorsal stream network devoted
to naming and articulation. Conversely, Wernicke’s area
constitutes the origin of a bilateral ventral stream in which
semantic meaning is attached to components of speech
sounds.®' Additional activation in homologous right
hemisphere language areas seems to be determined by lexi-
cal necessity, with increased articulatory demands activated
within the bilateral dorsal stream and the decoding of unfa-
miliar words activated in the bilateral ventral stream net-
work.” Complex as it may be to optimally prime the motor
cortex for poststroke limb rehabilitation using tDCS, it may
be considered even more challenging to modulate the corti-
cal plexus which encodes and produces language in all of
its richness. The theoretical mechanisms of brain activation
during tDCS protocols suggest that tDCS primes the brain
for enhanced outcomes in behavioral therapies,” which may
have led to the appeal of combining methods concurrently.
The specific mechanisms by which tDCS modulates lan-
guage networks, however, remain equivocal. Recent litera-
ture indicates that an aggregate therapeutic impact may be
generated when combining motor and cognitive resources
concurrently.??

Herein, we provide a broad overview of tDCS/aphasia
research and suggest filling gaps in our understanding of
the physiological changes induced by tDCS on language
networks.

Aphasia

Aphasia is a language disorder that occurs in <38% of stroke
survivors, often leaving them with lifelong residual defi-
cits.% As such, aphasia negatively impacts stroke survivors’
safety and quality of life. People with aphasia often experi-
ence social isolation,**¥! unemployment,*!** marital difficul-
ties,”® mental health issues,* and financial burdens.?** The
presence of aphasia is associated with a longer duration of
hospital stay and higher risk of death.’ Stroke survivors with
aphasia are often concomitantly burdened with dysarthria or
apraxia of speech, adding yet another level of difficulty to the
already effortful task of communicating.

It has been stated that, ““...one never recovers from aphasia;
one recovers with aphasia.”*® Similarly, recovery with aphasia
is more of a fluid process than originally understood. It is now
acknowledged, for example, that patients having one type of
aphasia in the acute phase may present with a different form of
aphasia weeks or months hence.’” Many patients with aphasia
have symptoms that, in fact, defy textbook categorization.*>

Recovering With Aphasia

Prior to the last decade, aphasia literature generally conformed
to the belief that recovery was limited to a 3- to 6-month win-
dow.**#! More recent studies, however, provide evidence to
rethink this assumption.** In one recent example, Fiori et
al* studied 7 subjects with chronic aphasia who, nonetheless,
demonstrated multiple language improvements, with temporal
stimulation improving naming of nouns and frontal stimula-
tion enhancing verb production.

Patients with aphasia, furthermore, are not always ready
to participate in rehabilitation within the first 3 to 6 months
because of sensory deficits, agitation, fatigue, side effects
of medications,” and disordered sleep patterns.*® The reor-
ganization of dendrites after ischemic lesions can be highly
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variable.* Additionally, patients may experience psychosocial
issues, such as depression and anxiety, which make it difficult
to participate optimally in speech therapy during the acute
phase.®®

Various forms of behavioral aphasia therapy span decades
of research and include Melodic Intonation Therapy,*
Constraint-Induced Language Treatment,”® computer avatar
programs, such as Aphasia Scripts,* and Speech Entrainment.™
Preliminary evidence suggests that increasing the intensity of
speech therapy is beneficial to aphasia recovery.’! This has
led to the development of Intensive Comprehensive Aphasia
Programs or ICAPs. Advances in technology have gener-
ated a surge in computerized aphasia apps for home practice
and have prompted the rise of telerehabilitation®*; however, in
spite of the many therapies available, no gold standard aphasia
treatment exists to date.”> What has been established is that
speech therapy to treat aphasia in any format is superior to no
treatment at all**>® and that the intensity of treatment seems to
be an important factor in the extent of recovery.’!?

Medications

Medications for auxiliary use in the treatment of aphasia have
had mixed success,’” with most notable language improve-
ment found with memantine, vasopressin, and piracetam,
as well as medications that enhance production of acetyl-
choline.® In their review of pharmacological treatment
for aphasia, Small and Llano* caution, however, that these
medications are known to be helpful only with the addition
of behavioral speech treatment and are not intended to rep-
licate the benefits of speech therapy. It is likewise important
to discern medications that have adverse effects on aphasia
recovery, particularly because those drugs are often prescribed
for other stroke-related issues, such as hypertension, seizures,
and heart disease.*

Neuroimaging

Neuroimaging studies are essential for understanding the sub-
structures of language and the physiological impact of tDCS.
As noted by Saur et al*® and Geranmayeh et al,® before the
advent of functional magnetic resonance imaging (fMRI), lan-
guage was considered domain specific. The 2 hypotheses that
predominated the literature at that time were the perilesional
hypothesis and laterality shift hypothesis. The suggestion that
language laterality to the right hemisphere is maladaptive led
to the disinhibition hypothesis, which stated that transcallosal
inhibition is responsible for poor recovery.” These divergent
views of language recovery could be used to justify a particular
treatment, or in the case of tDCS, each view might accompany
differing recommendations for montage and polarity. Laska
et al® and Meinzer et al®' recommend caution, however, in
the interpretation of fMRI language activation measurements.
They note that positive changes in functional language ability
may not always correlate with neuroimaging data.®!

tDCS for Aphasia Rehabilitation
Experimentation with alternate forms of physiological inter-
vention for aphasia, such as noninvasive brain stimulation,
began in the 1980s with transcranial magnetic stimulation
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(TMS). TMS targets cortical areas via electromagnetic cur-
rent and has the ability to transiently induce speech arrest,
providing opportunities to explore the neural connectivity of
language in the brain.®* Additionally, TMS supplies a method
for mapping the brain, which can be used in conjunction with
other brain imaging technologies (eg, electroencephalogram
(EEG), fMRI, etc). At the turn of this century, a new form of
noninvasive brain stimulation emerged in the field of stroke
recovery, tDCS.

Unlike TMS, tDCS uses a low-intensity current of 1 to 2
mA to modulate (excite or inhibit) neuronal activity.%® It has
been explored in stroke rehabilitation as a method for encour-
aging brain plasticity, with results often lasting beyond the
initial period of stimulation.®* tDCS also has the advantage of
being portable, with built-in sham control, making it suitable
for clinical experimentation during behavioral therapies.

The first experiments examining the effects of tDCS on
the human motor cortex appeared promising.>** Nitsche and
Paulus® extended their exploration of the effects of tDCS on
human motor recovery to include adjunctive fine-motor train-
ing; however, it was not until 2007 that tDCS was combined
outright with physical therapy for stroke.®® Results suggested
that tDCS might prime the brain as an adjuvant to behavioral
motor limb therapies, optimizing recovery. Subsequent neu-
ronavigation using TMS allowed researchers the opportunity
to more precisely map specific cortical areas, providing the
chance to explore the effects of various tDCS stimulation inten-
sities and polarities (eg, excitatory or inhibitory stimulation).

In 2008, 3 studies emerged that looked at the effects of tDCS
on language abilities, with 2 studies experimenting on healthy
subjects>* and 1 on patients with aphasia.’ In the majority of
subsequent tDCS/aphasia studies, tDCS was paired with lan-
guage training (Figure 1), possibly because stand-alone tDCS
treatment was not viewed to provide the same level of consis-
tent language improvement.® Aphasia studies regarding other
forms of noninvasive brain stimulation such as TMS may have
provided further justification for combining tDCS with lan-
guage training.®® Of note, while most tDCS/aphasia studies
included sham stimulation along with behavioral intervention,
sham stimulation, when used in combination with behavioral
therapy, cannot tell us what tDCS does autonomously. As a
result, we know something about the effects of tDCS on lan-
guage behavior, but an understanding of the physiological
underpinnings of tDCS on language networks remains elusive.

Cipollari et al,*” in their recent study combining TMS and
EEG to measure the physiological effects of tDCS on aphasia
treatment, sought to address the limited amount of literature
on the neurophysiology of tDCS on language areas. There
are several unique elements in this study, including the use
of right homologous language areas, the type of therapeutic
intervention (Melodic Intonation Therapy), and the sever-
ity level of subjects. tDCS was used to increase activity in
the right inferior frontal gyrus as it is implicated in prosodic
aspects of language function. They discovered via TMS-EEG
that right-hemisphere anodal stimulation likely enhanced the
effects of Melodic Intonation Therapy. Previously, Wirth et
al%® had used EEG to measure the effect of anodal tDCS over
the left prefrontal cortex of healthy subjects and similarly
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Motor

Aphasia

Figure 1. 2014 to 2015 publications. Dif-
ferences in use of stand-alone transcra-
nial direct current stimulation (tDCS), as
well as timing (before or during therapy),
can be seen during poststroke motor
limb vs aphasia studies in a recent 2-year
period. Source: PubMed (Source criteria:
tDCS/stroke, tDCS/motor, tDCS/motor/
stroke, tDCS/aphasia, tDCS/language).

noted improved naming compared with sham stimulation. In
spite of some limitations, these studies have taken a positive
step in the direction of exploring the physiological effects of
tDCS on language substrates.

tDCS/Aphasia Literature Reviews

Reviews of tDCS/aphasia literature are numerous®363¢
(Figure 2); yet, recent meta-analyses provide conflicting evi-
dence of the effectiveness of tDCS for aphasia. One recent
meta-analysis found statistically significant improvements in
people with aphasia using tDCS,” while another meta-analy-
sis reported some promise using cathodal stimulation over the
contralateral hemisphere, but found no statistical significance
regarding the effects of tDCS for aphasia overall.*®

One common critique across tDCS/aphasia literature
reviews is a paucity of functional communication measures.
In a Cochrane systematic review, Elsner et al*® found that pri-
mary functional measures did not provide adequate informa-
tion about whether tDCS promotes greater functional recovery
than speech therapy alone. Measures in recent aphasia/tDCS

studies focus on naming as the central measure of language
improvement.>*¥ Clinicians have experienced first-hand,
however, the patient with aphasia who scores poorly on nam-
ing tasks, yet passes important functional communication
milestones, such as ordering a meal in a restaurant, which
are difficult to quantify. Future studies may wish to address
whether tDCS promotes gains in functional daily communica-
tion, as well as naming tasks.

A Motor-Language Connection and tDCS
Prior views of language representation in the brain held to the
notion that each subset of language function operates in dis-
crete modules.*’" It is now understood that language opera-
tions shift fluidly throughout the brain and are tied to many
other brain functions.’””! Pulvermiiller and Berthier* report
that belief in a modular language system encouraged separa-
tion of linguistic tasks in speech treatment, so that naming and
syntax, for example, would not be addressed together. They
note that fMRI studies have changed our view of the modu-
lar concept. The authors recommend combining language and

tDCS Stroke Publications

Motor-Limb

2005-2015

Aphasia

%

2008-2015

Figure 2. Transcranial direct current stim-
ulation (tDCS)-Stroke Publications. tDCS
stroke publications by type for motor limb
and aphasia. Source: PubMed (Search
criteria: tDCS/motor/stroke, tDCS/motor/
stroke/review, tDCS/aphasia, tDCS/
aphasia/review).
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action tasks simultaneously to strengthen language recovery.*
One example of the additive effects of combined motor—lan-
guage training was noted in a set of 2 combined studies, using
23 and 40 healthy adults, respectively, in which simultaneous
training on language—motor tasks had a beneficial effect on
both semantic and motor performance.” These findings cor-
respond with a 2009 report by Harnish et al”> of combined
motor and language improvement after arm training exercises
in subjects with chronic aphasia, as well as the informal obser-
vation of Glover et al”® during a study in young children with
hemiplegia.

PrimaBin et al** published a recent collection of 4 aphasia
case studies, which further demonstrated parallel motor—lan-
guage recovery systems at work. The authors reported that
motor and language improvements are additive in stroke recov-
ery, rather than serving to compete for neural resources.”* In
another study that looked at pantomime skills in people with
aphasia, van Nispen et al™ found that semantic deficits associ-
ated with aphasia also seem to have a negative impact on the
kinesthetic representation of the distinctive features of objects.
In their 2012 review, Roby-Brami et al” reported that brain
areas that underlie the motion of reaching and grasping are con-
nected with visual pathways as part of a dynamic system of net-
works that communicate via mirror neurons with Broca’s area.

Cumulatively, these recent papers present the possibility that
motor and language rehabilitation work well when combined.
This presents an intriguing possibility for the direction of
future tDCS/aphasia research. Both language and motor func-
tions may be modulated via tDCS, for example, by targeting
the supplementary motor area’ and cerebellum.”” Supporting
the rationale for this view, Hertrich et al’® looked at the role
of the supplementary motor area in language function and
noted that the anterior portion of the supplementary motor area
(or pre-supplementary motor area) was important for context
integration and language processing. Similarly, in a recent
proof-of-concept study, Turkeltaub et al”’ reported that tDCS
modulation of the cerebellum may enhance verbal fluency.

tDCS in Poststroke Aphasia 823

Discussion

Speech-language pathologists strive to use evidence-based
practices in the treatment of aphasia and rely on experts’ find-
ings to justify the integration of new treatment strategies. We
know that the study of tDCS for aphasia rehabilitation is safe’
and that when combined with speech—language therapy, it can
sometimes be beneficial.”” We know that we are not stimu-
lating modular language substrates with tDCS but, rather, an
interconnected web of language activity.***>” Additionally, we
know that we are far from understanding the mechanisms of
what tDCS does physiologically in the brain to promote lan-
guage recovery.* We think it is, therefore, crucial to investigate
the biological mechanisms of tDCS on language networks.
Like attempted pharmacological treatments for aphasia, tDCS
has been reported to produce neurochemical changes, such as
changes in N-methyl-,-aspartate receptor activity.””® Unlike
pharmacological treatments, however, tDCS has no known
serious side effects.” tDCS could, therefore, be beneficial to
aphasic patients when concerns arise regarding multiple drug
interactions.”

Inclusion of behavioral training in the majority of tDCS/
aphasia studies may inhibit an understanding of what tDCS
does autonomously to language functions. It is true that a
tDCS/aphasia experiment without language training would
divest aphasic subjects of concomitant therapy, but con-
versely; it might enable scientists to develop improved tDCS
paradigms that can later be combined with behavioral treat-
ments. Further, although there are several studies that examine
the effects of tDCS on healthy motor physiology, its effects
on healthy language networks has not been as thoroughly
explored (Figure 3).

Scientific literature contains a wealth of substantive reviews
on progress within the field of tDCS/aphasia research; how-
ever, the number of review papers has been disproportionately
high when compared with the number of experimental stud-
ies conducted (Figure 2). The number of tDCS/aphasia review
papers has even exceeded those in tDCS/motor limb litera-
ture, in spite of its later origin. This suggests that in tDCS/
stroke rehabilitation literature as a whole, there is a great deal
of important discussion about the merits of tDCS for aphasia,

# of Studies

Figure 3. Timeline of transcranial direct
current stimulation (tDCS) limb vs lan-
guage studies. Considerable data has
been collected regarding the effects of
tDCS on healthy motor physiology vs the
effects of tDCS on healthy language net-

=@—tDCS/Healthy
Limb

= O=tDCS/Stroke

Limb works. Source: PubMed (Search criteria:
—a— DS/ Healthy tDCS/motor, tDCS/motor/stroke, tDCS/
Language aphasia, tDCS/language).

- = tDCS/Stroke
Aphasia
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with a correspondingly smaller number of original research
studies supporting the debate.

Hauser et al*® described the architecture of language as
having both sensory-motor functions, found even in pri-
mates, and a subsystem that generates an expanding syntax
from conceptual representations. According to Hauser et
al,% this subsystem then grafts grammatical principles onto
the phonological system, resulting in meaningful speech.
Interconnectivity of language to other areas of brain func-
tion, however, continues to be revealed in surprising ways.
Language is a dyadic or interactive process,®! which can be
seen in the context of social communication, as well as in the
synergy of neuronal connections in cortical language areas,
which extend toward many other physical and mental human
functions.**3"7> The question of whether similar mechanisms
are at work in poststroke motor recovery and aphasia is not
new. For example, in a retrospective analysis of 21 stroke
patients with aphasia, Lazar et al® suggested the possibility
that multimodal brain regions could impact recovery for post-
stroke limb deficits and aphasia concurrently. tDCS studies
have found a relationship between speech and hand recov-
ery,® as well as implicit motor learning.®* As noted by Dipper
et al, nonlinguistic components in the rehabilitation of apha-
sia are increasingly becoming affirmed. Future studies may
wish to investigate whether tDCS of shared motor/language
areas could provide similar effects, by simultaneously target-
ing language and motor systems, toward overall improved
functional outcomes.

On a final note, in light of the diversity of languages in
tDCS/aphasia protocols, it is interesting to consider the find-
ings of recent neurolinguistic studies, which contend that lan-
guage processing is activated in differing brain regions among
speakers of languages that are structurally or morphologi-
cally dissimilar, such as Mandarin or Hebrew, as compared
to English.®% Future tDCS—aphasia studies may, therefore,
wish to compare tDCS montage, polarity, and outcomes
across linguistically disparate languages, as well as in bilin-
gual versus monolingual speakers.

New Opportunities
This broad overview of tDCS-aphasia literature yields con-
siderable promise. From this, we see the following plausible
opportunities for further experimentation:
tDCS modulation of

1. diffuse motor areas, which are thought to interface
with perisylvian language areas (eg, the cerebellum,
supplementary motor area, etc);

2. cortical language or language—motor areas with
adjunctive multidisciplinary paradigms of restorative
therapy (physical, occupational, and speech);

3. cortical language or language—motor areas using func-
tional language outcome measures (eg, taking a phone
message, ordering in a restaurant, etc);

4. cortical language or language—motor areas combined
with more intensive, circumscribed aphasia treatment;
and

5. bilingual subjects, especially wherein the languages
spoken are linguistically divergent.

Conclusions

In 8 short years, aphasia literature has developed information,
both theoretical and practical, on methods for combining
tDCS with behavioral therapy for poststroke aphasia. New
data suggest a direct connection between neural motor limb
networks and speech—language systems, opening the door to
methods for combining physical and cognitive resources in
stroke recovery through both tDCS and behavioral therapies.
Although the neurophysiological underpinnings of tDCS
on language substrates require further exploration, avail-
able data support that continued tDCS/aphasia research may
assist in the creation of stronger therapies, providing brain
recovery from this common debilitating disorder.
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OB30Pbl, JIEKLUA

TpaHCcKpaHuanbHafa CTUMYJISAILLUA MOCTOSHHLIM TOKOM ANS NeyeHuna adpasuvm nocne

UHCY/NbTa

MUcToyHuMK. S. Wortman-Jutt, D.J. Edwards. Transcranial direct current stimulation in poststroke aphasia

recovery. Stroke. 2017;48:3:820-826

Burke Rehabilitation Hospital, White Plains, NY; Neuromodulation and Human Motor Control Laboratory, Burke Medical Research Institute,
White Plains, NY; Department of Neurology, Weill-Cornell Medical College, New York, NY; School of Medical and Health Sciences, Edith
Cowan University, Western Australia; Beth-Israel Deaconess Medical Center, Harvard Medical School, Boston, MA.

KnioueBble cnoBa: ajasus (aphasia), a3bik (language), ABuratesibHbIN (motor), nHCybT (stroke), npsimasi TpaHCKpaHWasabHas CTUMYISUMS,

MTKC (tDCS)

TpaHCKpaHUANIbHYIO CTUMYJISILIAIO TOCTOSSHHBIM TOKOM
(TKCIIT), HewmHBa3uBHYIO (hOpMYy CTUMY/ISILIMM T'OJOBHOIO
MO3ra MepBOHAYAJIbHO U3Y4Yalu B OTHOILEHWUMW BJIUSIHUSL €€
Ha (U3HMOJIOTUIO JBUTaTeIbHON (PYHKIIMM KOHeuHocTei [1].
C 2008 r. cram usydarb 3¢ PEeKTUBHOCTD €€ MCITOIb30BaHUS
st neyeHust adasum [2—3]. OgHako 3KCIepUMEHTaIbHOE
npuMeHeHne TKCIIT mpu adasum HaunHaIoCh MHAYE, M ITapa-
JIUTMBI €€ UCTI0JIb30BaH U KOHLIENTYaJIbHO M METOI0IOTUYECKHU
OTJIMYAJIUCh OT TeX, YTO ObUIM CO3IAHBI 11 BOCCTAHOBJICHUS
JBUTATENIbHOM (DYHKIIMM TIOC/Ie MHCYJIBTa. DTO ObLIO 00YCI0B-
JICHO HE TOJIBKO TeM, YTO MccieaoBaHus ada3uy ObUIM OTHO-
CUTEIbHO HOBBIM HaIPaBJIEHWEM B 00JIACTH SKCTIEPUMEHTAITb-
Horo ucnonb3oBanusg TKCIIT, HO n TeM, 4TO aBTOHOMHOE
npuMeHeHre TKCIIT 6bu10 4eM-To U3 psina BOH BBIXOSIIVM.

TeopeTryecky MOHSITHO, YTO KOPTUKAJIbHOE (hOPMUPOBa-
HUE peuu sBJsieTcsl 6osiee KOMIUIEKCHBIM MPOLECCOM, YeEM
(byHKIIMOHMPOBAaHKE HALITMX CJIOKHBIX IBUTATEIbHBIX CUCTEM,
U B TOCJeqHee BpeMsl TMOSIBUJIACh KOHLEILMS IBOMHOTO
notoka quddy3Hoii ceTv [4—6] ¢ 3BoIOLMEl TOAKOMITOHEH-
TOB00Pa0OTKM peuy OT Hepa3roBapuBaloIIUX IpuMaToB |7, 8].
B Monenu nBoitHOro moroka (hyHKIIMU YeJIOBEYECKOM peun
JlaTepaju30BaHbl B MEPBYIO OYEPelb B JIEBOM MOJIYLIApUH,
TpyY 3TOM 30Ha bpoka BKi1touaeT JieBbIit KOMIIJIEMEHT OuiaTe-
paJIbHOM CEeTH I0PCaTbHOTO MTOTOKA, OTBEYAIOIIETO 32 Ha3bl-
BaHue u apTukynsauuio. Hao6opor, oomacts BepHuke mpen-
cTaBisgeT coboii Havalo OuIaTepalbHOIO BEHTPAIBHOIO
MOTOKA, B KOTOPOM CeMaHTU4eckoe 3HaueHue opMUpyeTCs
13 KOMITOHEHTOB 3BYKOB peur [6, 9—21]. JomoHuTeIbHAS
aKTUBAlMsI TOMOJIOTUYHBIX PEUeBbIX 30H IPABOro MOJIyIia-
pusi, TIO-BUIMMOMY, OIpenessieTcsl JeKCUYeCKol HeoOXo-
JTUMOCTBIO, TIPY 3TOM aKTUBAIMs OMIaTepaibHOTO 10PCab-
HOTO MOTOKA MPOUCXOAUT TMPU 3aTPYIHEHUU apTUKYJISLIUM,
a aKTUBalLMs OWJIaTepaJbHON CETU BEHTPAIBHOTO MOTOKA —
Mpu paciin@poBKe He3HAKOMBIX CJIOB [9]. ClI03KHO ONTTUMAJTb-
HO BO3/IeICTBOBATh Ha (DYHKIIMIO MOTOPHOI KOPBI 17151 BOCCTa-
HOBJICHUSI ABUTATEebHON (DYHKIIMM KOHEYHOCTEH C UCIOJb-
3oBanueM TKCIIT, Ho emie Gojiee CIIOXHO CMOOY/IMPOBAThH
KOPTUKAJIbHOE CIUIETeHUE, Konupyloliee U hopMupyoliiee
peyb BO BCeM ee pa3zHooOpa3uu. TeopeTuueckue MeXaHu3Mbl
aKTUBallMM ToJIoBHOro Mosra mnpu mpoBeneHuu TKCIIT
npexanosnaraioT, yto TKCIIT moaroraBianBaeT roJIOBHOI MO3T
KYJIy4IIIeHUIO UCXOIOB IPY ITOBeIeHYeCKOM Tepanuu [22],9To
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MOXET MPUBECTH K 3aMHTEPECOBAHHOCTU B OTHOBPEMEHHOM
MIPUMEHEHUM Pa3IUYHbIX MeTonoB. Crienmduyeckue Mexa-
HU3MBI, HocpeacTBoM Kotopbix TKCITTMonynupyetpedyeByto
CeTh, JI0 CUX TNOp He u3ydeHbl. [locaenHue auTepaTypHbie
NTaHHBIE YKa3bIBAIOT HA TO, YTO MTPH OTHOBPEMEHHOM UCTIOJTb-
30BaHU M MOTOPHBIX M KOTHUTUBHBIX PECYPCOBMOKHO TOOUTh-
¢sl KOMIUIEKCHOT'O TepareBTUIEeCKOro Bo3neiicTeus [23, 24].
B HacTos1eit pabote mpeacTaBieH 0030p UcclIeI0BaHUI
TKCIIT npu ada3uu, mo3BOISAIONINIA 3aII0JTHUTh ITPOOEIIbI
B HallleM MOHUMaHUU (HU3MOJOTUYECKUX W3MEHEHMI,
BeI3BaHHEIX Bo3nelicTBueM TKCIIT Ha peueBylo ceTb.

Ada3usa

Adasus — pacCTpOMCTBO pedun, KOTOpOe BO3HUKAET Y <38%
MalMEHTOB C MHCYJILTOM M YaCTO CTAHOBUTCS Pe3UIYyaTbHBIM
HEBPOJIOrMYECKM I(OULIMTOM BTeUEHUE BCeVXKU3HU [25—29].
Taxum o6pasoM, acdasust okazbIBaeT OTPUILIATEILHOE BO3IEH-
CTBHE Hab€30MacHOCTh MALIMEHTOB C MHCYJIBTOM M KaueCTBO MX
>xu3HU. JTtomu ¢ acdha3ueit 9acTo CTAIKMBAIOTCS C COIUATbHOM
m3osiuumeit [30, 31], 6e3padotuueii [31, 32], caoxHOCTIMU
B ceMeiHOM XXu3HHU [33], MCUXUYECKUMU OTKJIOHEHUSIMU [34]
U (UHAHCOBBIMU TpyIHOCTAMHU [26, 35]. Hanvuue adasumn
accOlMUPOBAHO C OoJiee JIUTENILHOI MPONOLKUTETBHOCTBIO
MpeObIBAaHUST B CTAllMOHApe M 6ojiee BHICOKUM PUCKOM pa3-
BUTHS JieTaibHOro mcxona [35]. Jlocratouno dacro adasmst
y TIALIMEHTOB TTOC/Ie MHCYJIbTa COMTPOBOXKIAETCS TU3apTpUeit
WIY afpakcrel pedu, 4To elle 0oJiee 3aTpyaHsIeT U 6e3 Toro
TpeOylollee yCUInii O0ILEHHE.

BBII0 KOHCTATMPOBAHO, YTO «...HUKOTIA HEJIb3sl BhLIE-
YUTBCS OT aha3nu; MOXKHO BBI3IOPOBETH ¢ adasueii» [36].
TouHO TaKkXe BOCCTaHOBJICHUE ¢ ada3ueil sBisgeTcs 6olee
M3MEHUMBBIM TIPOIIECCOM, UYeM IIpearioiarajioch M3Ha-
JajibHO. B Hacrosiiee BpeMsi U3BECTHO, UTO Y MAllMEHTOB
C OIHUM TUMOM ada3uu B OCTPOM MEPUOE MOTYT Pa3BU-
Bathbcsl pyrue ¢opmbl ada3uy dyepe3 HeCKOJbKO Hellesb
wim MmecsiteB [37]. Y MHorux mnaiumeHToB ¢ adasueit ectb
CHMIITOMBI, KOTOPBIE, TIO CYTH, HE COOTBETCTBYIOT KJIACCH-
¢dukanuu, npeacTaBieHHOMN B yueOHuKax [38, 39].

BoccraHoBneHue ¢ adpasuei

[lo TmocienHero necSTWIETUS JUTEpaTypHbIe NaHHBIC
no adasuu B 1LIEJIOM COOTBETCTBOBAIM YOEXIEHUIO, YTO
BOCCTaHOBJICHME OTpaHUIMBAETCA 3—6-MECSIUHBIM CPOKOM
[40, 41]. bomee mo3mHMe HCCIEeOOBaHMSI, ONHAKO, HAIOT
OCHOBAHUE MEPEOCMBICIUTh 3TO Mpeanonoxenue [41—43].
B onHoii u3 nocinenHux padbot V. Fiori v coaBr. [44] uzyumiu
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7 nu1l ¢ XpOHUYECKoii ada3ueil, y KOTOPBIX, TEM HE MeHee,
MIPOM3OIILIO HEKOTOPOe YIIyJIlleHUe peur TpU MTPOBeICHUN
CTUMYJISIIUU BUCOYHOM TOJM, YNIydIlamooleil MMeHOBaHUeE
CYIIECTBUTENILHBIX, M CTUMYJISIIIUY JIOOHOM TOJIU, YJIydIIaro-
LIEW HA3bIBAaHUE [JIAroJIOB.

[ManueHTs ¢ adasueii, KpoMe TOro, He BCErna TOTOBBI
K TTPOBENICHUIO peabINTALIMK B TeUeHHe TIePBhIX 3—6 MecsI-
LIeB M3-3a CEHCOPHOTO NIe(UIInTa, BO3OYXIECHUS, yCTallo-
CTH, TOOOYHBIX 3(P(PEKTOB MEAUKAMEHTO3HOM Tepanuu [45]
M HapyleHuil cHa [46]. Peopranmsanns JeHIPUTOB ITOCIE
MIIeMUYECKUX TTOPaKeHU I MOXKET CYIIECTBEHHO pa3anyaTh-
ca [4]. Kpome Toro, maieHThl MOTYT MCIBITHIBATh MCUXO-
colMayibHble MPOOJIeMBbI, TaKMe KakK IeNpeccrst U TpeBora,
3aTPYAHSIONINE ONTUMABHOE TIPOBEICHHE JIOTOIeTUIECKOM
Tepanuy B OCTpoM mnepuone [38].

B TeueHue mecsATWNETHII B PA3NUYHBIX MCCIEIOBAHUSX
U3yvyald CIeKTp (opM IOBedeHYEeCKOW Tepamuu adasuu,
HampuMep MeJIOAUKO-MHTOHALIMOHHYI0 Tepanuio [47],
JIOTOTEIMYECKYIO Teparuio, WHIYIMPOBAHHYI OrpaHU-
yeHueM [48], KOMIBbIOTepHEIC aBaTapHLIE IIPOTPAMMEI,
takue kak Aphasia Scripts [49] u Speech Entrainment [50].
[MpenBapuTenbHbIe pPe3ylabTaThl CBUIETEILCTBYIOT O TOM,
YTO YBEJMYEHWE WHTEHCUBHOCTH JIOTOMEAMYECKO Tepa-
muu 3¢pdekTUBHO s JedeHus adasuu [S1]. D10 npuBeno
K pa3pabotke mnporpamm Intensive Comprehensive Aphasia
Programs unu ICAP [52]. TexHonmornyeckue ycoBepleH-
CTBOBaHUSI MOPOIMIM BCILIECK Pa3pabOTKU KOMITBIOTEPHBIX
TIPWJIOKEHW IS JTeueHus aasuu B JOMAIIHUX YCIOBUSIX
[53] ¥ BBI3BaIM POCT pas3BUTUS Tejiepeabunutanuu [54];
OIHAKO, HECMOTPSI Ha MHOXECTBO JOCTYITHBIX METOIO0B
JIEYeHUSsI, B HACTOsIIEe BpeMsI HET «30JI0TOTO CTaHAapTa»
nedeHust aaszuu [55]. YcraHOBIeHO, YTO Jloroneauyeckast
Tepanus 111 JiedeHus acda3uu B 11000M Buie Oonee 3hpek-
THBHA, YeM OTCYTCTBUE KaKoi-116o Tepanuu [43, 56] u uto
WHTEHCUBHOCTD JIEUEHUSI, TIO-BUIUMOMY, SIBJISIETCS] BaXKHBIM
(bakTopom creneHu BoccTaHoBIeHUs [S1, 52].

MeauKameHTO3Hasa Tepanus

Hcnonb3oBaHne JIeKapCTBEHHBIX TpPENapaToB BO BCITO-
MOTaTeIbHOM peXuMe TpU JiedeHuu acda3uv Mo CMe-
IaHHBIA ycnex [57], mpu 3ToM 0oJsiee 3aMeTHBIE yaydlle-
HMSI PeYu TIPOUCXOIUIM Ha (DOHE JieyeHUs MEMaHTHHOM,
Ba30IMPECCMHOM M THpalleTaMOM, a TaKXe IperaparaMu,
YCUJIMBAIOIIMMHU BBIPAOOTKY aretuixoiuHa [45]. B cBoem
0030pe (apmakogormyeckoro yedeHns adasum S.L. Small
u D.A. Llano [45] otMeTnau, yTo 3TH mpenapathl 3¢ dex-
TUBHBI TOJLKO TPH N0OABJIEHUU K JIOTONEAUYECKOl MOBe-
JIEHYECKOM Tepanuu U UX U30JMPOBAHHOE MPUMEHEHUE He
MO3BOJISIET BOCTIPOM3BeCTU 3(PHEKTUBHOCTH JIOTOIEANYE-
cKol Tepamuu. Takke BaxkKHO 3HATh IperapaThl, OKa3biBa-
IolIMe HebIAronpusATHOE BO3MEHCTBHE Ha BOCCTAHOBIEHUE
ada3uu, O0cOOEHHO IOTOMY, YTO 3TH IIperaparbl 4acTo
Ha3HAYyaloT AJIs1 JIeYEHUsT OPYTUX COCTOSIHUM, CBSI3aHHBIX C
WHCYJIBTOM, TaKWX KaK apTepualibHasl TMIIepTeH3Us, CyI0-
pOTH U cepaeyHble 3a0ojieBaHus [45].

He#poBusyanusauyusa

HeiipoBusyanuszalmoHHble HCCIEOOBAHUS HEOOXOmU-
Mbl U1l TIOHUMaHUs TOACTPYKTYP (DOPMHUPOBAHUS peuyun
u pusunonornyeckoro BosneiictBus TKCIIT. Kak ormeue-

Ho D. Saur u coasrt. [58] u F. Geranmayeh u coasr. [59],
0 TIOSIBJIEHWSI (DYHKIIMOHAJIBHOM MarHUTHO-PE30HaHC-
Hoit Tomorpaduu (GMPT) dopmupoBanue peun cunTanu
IoMeH-crneurduyeckuM. B To BpeMs1 B n1utepaType mpe-
00J1aaiv 2 TUIIOTE3bl: TUIIOTe3a aKTUBALIM IEPUMH(BAPKT-
HOI 30HBI M TUIIOTe3a00KoBorocasura. [IpeanoxeHue oToM,
YTO JIaTepanu3aiys GopMUpoBaHUS peur B MPaBOe IOy~
mapue SIBJISIeTCSI HeaJalTUBHON, MPUBEJO K TTOSBICHHUIO
TMIIOTE3bl PaCTOPMaXKMBaHMSI, COTJIACHO KOTOPOi1, TpaHC-
KaJIJI03aJIbHOE TOPMOXEHUE SBIIAETCS TPUUYMHOM TIIIOXOTO
BOCCTaHOBJIeHUS [59]. OTU NMpoTUBOpeUNBbIE TIpeICTaBIe-
HMSI O BOCCTAaHOBJIEHMM PEYM MOXHO MCIOJb30BaTh ISl
000CHOBaHUSI TPUMEHEHMUSI OTPEACIeHHOTO METo/a Jieue-
Hus unu B cydae TKCIIT paznuuHble peKoMeHIaluM 1o
MOHTaXy U TIOJISIPHOCTH MOTYT OBITh OCHOBaHBI Ha pa3-
JnaHbIX TpencraBiaeHusax. Opnako A.C. Laska u coaBrT.
[60] 1 M. Meinzer u coaBT. [61] peKOMEHIYIOT C OCTOPOXK-
HOCTbIO MHTEPIPETUPOBATh MOKAa3aTeM aKTUBALUU PEUYU
1o naHHBIM GMPT. OHU OTMEYaloT, YTO MOJIOXKUTEIbHBIC
n3MeHeHUs GyHKIIUM pedr He BCeraa KOppearupyloT C IaH-
HBIMU HEUPOBU3YaTU3aIUH.

TpaHcKpaHUanbHas CTUMYNSALMUSA NOCTOSAHHLIM TOKOM
Ansa peaéunutauuu npu adpasum

DKCNEepUMEHTHI ¢ aTbTePHATUBHBIMU (hopmMamMu HpU3NO-
JIOTMYECKOTO BMeIIaTeIbCTBaIprIedeHUM apa3un, TAKUMHU
KaK HEeMHBa3WBHAs CTUMYJISILIMSI MO3Ta, HadaIuch B 80-¢ IT.
MPOIIJIOTO BeKa C MCIOJb30BAaHWEM TpPaHCKpaHUATbHOMN
marHuTHo# ctumynsiunu (TMC). TTpu TMC Ha 30HbBI KOpbI
BO3IEHCTBYET 2JI€KTPOMArHUTHBII TOK, YTO MOXKET IIPUBO-
IIUThK BPEMEHHO OCTAHOBKE pEeY U, PE0CTABIISIIOIIEH BO3-
MOXHOCTD TSI U3YUEHHUS TUTIOJIOTMM HEUPOHOB, OTBETCT-
BEHHBIX 32 (DOPMUPOBAHUE PeYM B TOJIOBHOM Mo3re [62].
Kpome toro, TMC nipenocTaBiisieT CO00i MeTOI KapTUpPO-
BaHUS TOJJOBHOTO MO3Ta, KOTOPbIf MOXHO MCIOJb30BaTh
B COYETAHUM C IPYTMMHU TEXHOJOTMSIMU BU3YaIM3aLUU
rOJIOBHOTOMO3ra (Hanpumep, aJieKTpoaHuedanorpadueis —
98I, PMPT u 1.1.). Ha pyOexxe BekoB B 00jacT BOC-
CTaHOBJICHUS TIOCJIe WHCY/IbTA TMOSIBMIIACH HOBas opma
HEWHBA3UBHOW CTUMYJISILIMU roioBHoro mo3ra — TKCIIT.

B otitmunie or TMC npu TKCIIT npuMeHsIIoT TOCTOSTH-
HbII TOK HU3KOI UHTeHCUBHOCTH (OT 1 10 2 MA) 17151 MOy -
JISIUUU (BO30YXKIEHMST WJIM MHTMOMPOBAHMS) aKTUBHOCTHU
HepOHOB [63]. DTOT MeTOI OBLT M3yYeH MPY peaObITUTALIMI
TTOCJIe MHCYJIbTa KaK CITOCO0 YIyqIIeHU HeHPOTIaCTUYIHO-
CTH, TIPM 3TOM Pe3YJIbTaThI MMOSBIISUTUCH HEPEIKO Ha HAYaITb-
HbIx 9Tamax ctumynaiun [62]. TKCIIT Ttakxe umeer
MPEUMYIIECTBO 3a CYET MOPTAaTUBHOCTU U BCTPOEHHOM
BO3MOXHOCTHM TIpOBEIEHUsI TICeBIOBMEIIATEIbCTBA, YTO
MO3BOJISIET TPUMEHSITD €€ JIJIsI KITMHUYECKUX SKCIIepUMEH -
TOB TIPM ITOBEACHYECKOI Teparuu.

PesynbraThl IEPBBIX IKCTIEPUMEHTOB 1O U3YYEHUIO BIIM-
sHust TKCIIT Ha MOTOpHYIO KOpPY Y JII0[eil ObUIM MHOTO-
obemartonmu [2, 64]. M.A. Nitsche u W. Paulus [64]
pacumprmm cBoe udydenue Biaussauss TKCIIT na Boccra-
HOBJICHUE JIBUTATEJbHBIX (DYHKIIWIA Y JIIOJEH MOCPEICTBOM
BKJTIOUEHMS TOTTOJTHUTETLHOM TPEHUPOBKU METKON MOTO-
puku; omHako Toiabko B 2007 r. TKCIIT cranu couerathb
¢ KUHe3uTeparnueil npu uHcynbre [65]. PesynbraTel mom-
tBepauiu, 4to TKCIIT MoxXeT cmocoOCTBOBaTh MOJI-
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TOTOBKE TOJIOBHOTO MO3ra K TPOBEACHUIO TMOBEACHYE-
CKOW Tepanuy C 1IeJIbl0 BOCCTAHOBJICHUs ABUTATEJIbHOM
(GyHKIIMM KOHEYHOCTEH, ONTUMU3UPYSI BOCCTAHOBJICHUE.
Ilocnenytoias HeiipoHaBUTaLIMs ¢ Mcoab3oBaHueM TMC
MO3BOJIMJIA MCCIeAoBaTessM 0oJjiee TOYHO OTOOpPA3UTh
OIpefesIeHHbIE 30Hbl KOPBbI, YTO O0ECHeYynsio BO3MOXK-
Hoctb u3ydeHus BausiHus TKCIIT paznuyHOit MHTEHCUB-
HOCTH CTUMYJISILIMU U TIOJISIPHOCTH (Harpumep, Bo30yxa-
oIIast UM TOPMO3SIIIAsT CTUMYJISIINS ).

B 2008 r. 6p1u11 0ITyOIMKOBaHBI pe3yIbTaThl TPEX UCCIIEIO0-
BaHU, B KoTopbix U3y4yusin Biusaue TKCIIT Ha peds, 1Byx
HCCIeNOBAHUI ¢ yUacTUEM 3I0POBbIX JHII [2, 2a] U 01HOTO
WUCCIIeIOBaHUS C ydyacTUeM TalMeHTOB c adasuei [3].
B GompmuHcTBe TOCHEAYIONINX WCCaeAoBaHUI ada3um
TKCIIT coueranu ¢ joromeaudeckoit Tepanueir (puc. 1),
BO3MOXHO TIOTOMY, 4YTO IPOBEICHHUE W30JUPOBAHHOM
TKCIIT He paccMaTpuBajii B KayeCTBEe METOIA JICUEHMUS,
00ecreynBalollero aaekBaTHbIN YPOBEHbD YIyULIEHUS peYr
[9]. UccnenoBaHusi mo M3y4eHUIO APYrux (hopM HEUH-
Ba3WBHOW CTUMYJISIIIMA TOJIOBHOTO Mo3ra Tipu acdasuu,
Takux kak TMC, Mo3BOAWAM TIONYYUTh IOTOJTHUTE]Ib-
Hoe obocHoBaHue couetanusi TKCIIT ¢ noronennyeckoit
Tepanueit [66]. Creayer OTMETUTH, YTO B OOJIBLIMHCTBE
uccnenoBanuii TKCIIT ucnonb3oBaiv MceBIOCTUMYIISI-
LIMI0 B COYETAHUM C TMOBEIECHUYECKON Teparueit, o3TomMy
He ObLIO BO3MOXHOCTU M3Yy4uTh 3(DGHEKT M30JIUMPOBaH-
Hoit TKCIIT 0e3 mpoBemeHust TakoBoii. B pesynbraTe
Mbl uMmeeM npenctasieHue o BiausHuu TKCIIT Ha peub,
HO TIOHMMaHUs (HU3NOJOTUYECKMX OCHOB BIMSHUS
TKCIIT Ha peyeBylo ceTb HET.

S. Cipollari u coaBrT. [67] B CBOEM HEIaBHO NMPOBEAEHHOM
uccienoBanuu, couerass TMC u D3I mis onpeneneHus
dusnonornueckoro BozneiictBus TKCIIT nHa neyeHue
adaszum, CTpeMWJIMCh pa3pelinTh BOMPOCH O HeWpobu-
suojoruu BausiHus TKCIIT Ha peub, mOCTymHbBIE B Orpa-
HUYEHHOM KOJIMYECTBE JIUTEPATYpHBIX AaHHBLIX. B aTom
HUCCIIeOBAaHUU ObLIO HECKOJBbKO YHUKAIbHBIX 3JIEMEHTOB,
HarnpuMep MCII0Ib30BaHNE TOMOJIOTUYHBIX PEYEeBBIX 30H
MPaBOTo TOJNYyIIApusl, TepareBTUYECKOE BMEIATEIbCTBO
(MeToIMKO-MHTOHAIIMOHHASL Tepanus) U TSKECTh Ie(u-
mura y mauueHToB. TKCIIT ucnonb3oBanu mjis IOBBI-
IIeHUSI aKTUBHOCTU HEMPOHOB B MpaBOM HUXKHEN JIOOHOM
M3BWIMHE, MTOCKOJIbKY OHAa y4acCTBYeT B MHTOHAIMOHHBIX
acnekrax peuu. [Ipu mposeneHun TMC u D3I aBTOpHI
00HapyXXUJIU, YTO aHOAHOE BO30YyXXIeHNEe B TIPAaBOM TMOJTy-
apuu, BEPOSITHO, YCWIIMBAIIO 3(D(HEKTUBHOCTh MEJIOINKO-
MHTOHALIMOHHO Tepanun. Panee M. Wirth u coasr. [68]
ucnoab3oBam DO nmasg u3ydyeHUs] BIMSHUS aHOTHOM
TKCIIT neBoii mpedpOHTaIbHOM KOpHI 3I0POBBIX JIMII
W TaKXe OTMETWJIM YJIydllleHWEe WMEHOBaHUSI IO CpaB-
HEHUIO C TIpOBelAeHMEM TiceBmocTumMyssiuuu. HecmoTpst
Ha HEKOTOpBIE OTpaHWYCHUS, 3TH UCCIICIOBAHUS CACIATN
1ar B HarpaBJIeHUU U3y4eHUsT (PU3MOIOTMYECKOTO BIIHSI-
Hust TKCIIT Ha cyOGcTpaThl hOpMUPOBAHMS peUU.

0630pbl AnTepaTypHbIX AaHHbIX 0 TKCIT npu adasun
0630psI TepaTyphl, mocBsimeHHo TKCIIT mpu agda-
3UM, MHOTOUYMCIIEHBI [35, 43, 63, 69] (puc. 2); omHaKo
pe3yibTaThl MOCIEIHUX METa-aHAJIU30B IMPENOCTaBISIOT
NMpoTUBOpeurBbie AaHHble 00 3ddexkTrBHOCTM TKCIIT

npu acdazun. B omHOM 13 HeaBHO OIMyOJIMKOBaHHBIX MeTa-
aHAJIM30B OOHAPYXWJW CTAaTUCTMYECKU 3HAUYMMble (DyHK-
LIMOHAJIbHBIE YIYUIlIeHUs y UL ¢ ada3ueil Tpu UCIOIb30-
Banuu TKCIIT [70], B apyromMm MeTa-aHajau3e COOOIIVIIN
00 3¢ ¢eKTUBHOM HCIOJIb30BaHUU KAaTOAHON CTUMYJISILIUKI
KOHTPJIATEPAIbHOTO MOJylIapusi, HO HE OOHAPYXXWJIU CTa-
tuctndecku 3HaunmMmoro BimstHus TKCIIT Ha adasmio
B LieJIoM [56].

OgHUM OOIIMM KPUTUYECKUM 3aMeYaHUEM B JIUTE-
patypHbix o63opax mo TKCIIT u adasum sasasgercs
OTCYTCTBUE (YHKIMOHAJIbHBIX IMOKa3aTesiell OOILIeHMs.
B KokpeitHoBckoM cuctematnyeckom o63ope B. Elsner u
COaBT. [56] 0OHAPYXUJIU, YTO TTEPBUYHBIE (DYHKIIMOHAb-
HbIe TTOKa3aTesId He MO3BOJISII aJeKBaTHO OLIEHUTD CITO-
cooctByeT 1 TKCIIT Gonee appekTMBHOMY BOCCTaHOB-
JICHUIO0, YeM M30JIMPOBaHHasl Joromeauyeckasi Teparus.
B nocaennux ucciaenoBanusax TKCIIT u adasuu cranm
HUCTOJIb30BaTh MOKa3aTelu, COCPETOTOYEHHbIE HA UMEHO-
BaHMM KaK IJTaBHOM TTOKa3arteJie yaydieHus peuu 3, 9, 37].
KavHuUUMCTBI IEPBBIMU CTOJIKHYJIUCH C 9TOW TTPOOJIEMON,
OIHAKO TALMEeHT ¢ adas3uei, ¢ TJIOXMMU TTOKa3aTeasIMU
TECTOB MMEHOBaHUSI MPEIMETOB BCE Xe MPOXOAUT yepe3
BaxkHbIe 3Tambl (QYHKIIMOHAJBHOIO OOIIEHMSI, HampHu-
Mep 3aKa3 elbl B pecTopaHe, KOTOpble TPYAHO OLEHUTHb
KOJIMYECTBEHHO. B Oymymiux uccienoBaHUsIX, BO3MOXHO,
MOSIBUTCS BO3MOXHOCTh W3yuuTh, Bausier ju TKCIIT
Ha yJydlleHvue GpyHKIMOHAIBHOTO MOBCEIHEBHOTO 0OIIIe-
HUs, a TaKXKe YIydllleHue UMEHOBaHMUS TTPEAMETOB.

CBA3b ABUraTeNbHON U peyeBoin pyHKuumu u TKCNT
Panee cyiectBoBaBive TpeacTaBiIeHUs O (GopMuUpo-
BaHWUM peYu B TOJJOBHOM MO3Te ObIJTM OCHOBAaHBI Ha MHe-
HUU O TOM, YTO KaXmoe MOAMHOXECTBO (hYHKIIMU DEeUn
paboTtaeT B OMCKpeTHBIX Monyisax [4, 71]. Teneps crano
MOHSITHO, YTO B (hOPMUPOBAHUU PEYU MPUHUMAET ydac-
THUE€ MPAKTUYECKU BECh TOJOBHON MO3I U 3TO CBSI3AHO CO
MHOTUMU IPYTrMMU (DYHKIIMSIMU rOJIOBHOTO Mo3ra [57, 71].
F. Pulvermiiller u M.L. Berthier [43] cooOumiu, 4yTo
VBEPEHHOCTb B MOIYJIBHOW CHUCTeMe peueoOpa3oBaHUS
MOOIIPSIET pa3neeHne JMHTBUCTUIECKUX 3a1a4 B JIOTOIIe-
MIMYECKOI Tepanuu, B CBSI3U C YeM, HallpuMep He neianu
yIOp Ha OMHOBPEMEHHYIO TPEHUPOBKY CUHTaKCHUCa U UMe-
HoBaHMSI. OHU OOpaTWIM BHUMaHUE, YTO UCCJIEIOBaHUS
¢ ucronb3oBanveMm @MPT npuBenu K U3BMEHEHUIO HAIIIETO
TIPENCTaBICHUST O MOAYJIbHOW KOHIICTTIIUU. ABTOPBI PEKO-
MEHIYIOT COYeTaTh JIOTOIMEAMYECKYIO Teparuio ¢ OIHO-
BPEMEHHBIM BBITMIOJTHEHUEM (U3UUYECKUX YIPAKHEHUM
U 33724 ISl yydlleHUs] BocCTaHOBIeHUs peun [43]. OnuH
U3 TIPUMEPOB aIUTUBHBIX 3(h(HEeKTOB KOMOMHUPOBAHHOI
NIBUTATEJILHOW U PEYeBOil Teparuu ObLT TPOJEMOHCTPUPO-
BaH B 2 KOMOWHUPOBAHHBIX MCCICIOBAHUAX C YU4ACTHEM
23 u 40 3mOpOBBIX B3POCIBIX JHUI[ COOTBETCTBEHHO,
B KOTOPBIX IIPOBEACHME OTHOBPEMEHHOI (hU3NYECKOM
TPEHUPOBKU U JIOTOMEIUYECKUX 3aHSITUI OKa3ayio 6jaro-
MPUSITHOE BJIUSIHME HA CEMAHTUYECKYIO M BUTATEJIbHYIO
aKTMBHOCTH [25]. DTH maHHBIE COOTBETCTBYIOT pe3yJibTa-
Tam uccienoBanus S. Harnish 1 coaBr. [72], mpoBeaeHHOTO
B 2009 r., B KOTOPOM OTMETWJIM COYETAHHOE YJIydllleHUe
NIBUTaTeIbHONW (DYHKUMU U PeUU MOC/e TPEHUPOBOK BEPX-
HUX KOHEYHOCTEH y MallMeHTOB ¢ XpOHMYeCcKoil acda3u-
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eif, a TaKKe pe3yJbTaTaM HeoUIUATBHOTO HAOIIONeHUS
J.E. Glover u coaBr. [73] npu NpoBeAeHUM HCCEIOBAHUS
C yYaCTHMEM JIeTEl C TeMUILJICTUEN.

A. PrimaBin u coaBr. [24] ony0auKoBaau JaHHBIE aHa-
Ji3a 4 uccienoBaHuii ahasuu, B KOTOPBIX TPOAEMOHCTPH -
pOBajiv NapajuleJIbHOe NEMCTBUE CUCTEM BOCCTAHOBJIEHUS
JIBUTATEJILHOW M peueBoil (pyHKIIMIA. ABTOPBI COOOIIMIIN,
YTO YJIydIlIeHUsI ABUTATEIbHON (DYHKIIMY U peuu SIBJISIOT-
Csl aAUTUBHBIMU TPU BOCCTAHOBJIEHWU T1OCJIE MHCYJIBTA,
a He KOHKYPHUPYIOT B 60pbr0e 3a HeMpPOHHBIE pecypchl [24].
B npyrom uccnenoBaHuu no u3y4eHUI0 HAaBBIKOB TAHTOMM -
Mbl y i1l ¢ adasueit K. van Nispen u coaBrt. [74] o6Hapy-
KW, YTO CEMAHTUYECKUN AeUIUT, aCCOLIMUPOBAHHBIN
¢ acdhaszueii, TakKe, Mo-BUAMMOMY, OKa3bIBaeT HETaTUBHOE
BJIMSTHUE Ha KWHECTETUYECKOE TMpPEeNCTaBIeHUE OTIUYU-
TeJIbHBIX 0COOeHHOCTell 00beKTOB. B cBoeM 0030pe 2012
r. A. Roby-Brami u coaBt. [75] npuBenu gaHHBIE O TOM,
YTO 00JIACTA TOJOBHOTO MO3ra, OTBETCTBEHHbIE 3a NOTSI-
rMBaHUE M 3aXBaT IPEAMETOB, CBSI3aHbI C BU3yaJbHBIMU
MyTSIMU B paMKaxX TMHAMUUYECKON CUCTEMBI CEeTeil, repena-
IOIINX CUTHAJTBI OT 3€pKAJIbHBIX HEMPOHOB K 30He bpoka.

B coBokymHOCTM pe3yabTaThl TOCIEIHUX MCCIIenoBa-
HUIA MOKa3bIBAIOT, YTO MEPOINPUSTUS IO peaduIuTauuu
NIBUTaTeJLHON U peueBoil (yHKIIMI XOpOIIO COYETaloTCs
MEXIy cOo0O0i. DTOT (haKT IpeacTaBisieT cO00i MHOIO-
obellaroliee HarpapjieHUe I MPOBEIEeHUST TaTbHENUIINX
uccaenoBanuii TKCIIT nipu adasuu. TKCIIT no3Bosnsier
MOJYJIMPOBaTh W JBUTATENbHYIO, U DPEuYeByl0 (DYyHKIIMU,
HalpuMep MOCPEICTBOM CTUMYJISILIMUA TOTOJTHUTETbHOMN
MOTOpHOI objactu [76] n Mo3xeuka [77]. B mommepxky
obocHoBaHUs 3Toi Touku 3penmst I. Hertrich m coasr.
[76] w3yymnin posib JOTOJTHUTEIBHOM MOTOPHOW OOJACTH
B (DYHKIIMM PEeYM U OTMETWUJIA, UYTO TIEPEAHSISI YacTh ITOM
obnacty (MM IIPedIONOHUATENIFHAST MOTOpPHAsT 00JIACTD)
WUTpaeT BaXHYI0 POJib IJISI UHTETpaluu CMbICJIOBOTO 3Ha-
yeHUS! U (DOPMHUPOBAHUS peyu. AHAJIOTMUYHBLIM 00Opa3oM,

ApuvratenbHas GyHKUmS

40%

B ITOCJIETHEM MCCIIEIOBAHUY M0 3KCIIePUMEHTAIbHOI TTPO-
Bepke koHuenunu P.E. Turkeltaub u coasrt. [77] coobmin-
g, uro TKCIIT ctumynsiumst Mo3xeuka MOXeT IIPUBECTH
K YJIy4IICeHUIO OETJIOCTH PEUH.

B OBCYHAEHUE

CrnenuaaucTel TI0 KOPPEKIMU HapyIIeHUH pedu CTpe-
MSTCSI MCIIOJIB30BaTh METOABI JieueHUs ada3uu, OCHO-
BaHHBbIE Ha J0Ka3aTeJIbHOW MeIWIIMHE, W TIoJIaraloTcs Ha
BBIBOABI 9KCMEPTOB IMPU BHEAPEHUM HOBBIX CTpaTeruit
JiedeHusi. Mbl 3HaeM, 4To u3ydyeHue dhdeKTUBHOCTU
TKCIIT B peabunuranuu npu adpa3um 6e3o1macHo [ 78] maro
B COUYETAaHWM C JIOTOTIEMMYECKOW Tepamueli oHa WHOTIa
MOXeT ObITh Tosie3Hoil [79]. Mbl 3Haem, uro TKCIIT
CTUMYJIUPYET He MOMYJIbHBIE CYOCTpaThl pedyu, a, CKopee
BCEro, B3aMMOCBSI3aHHYIO HEHPOHHYIO CeTh, OTBETCTBEH-
HYIO 33 peyeBYyI0 aKTUBHOCTD [4, 43, 57]. Kpome TOrO, MBI
OCO3HaeM, YTO NaJieKu OT MOHUMAaHUSI MEXaHU3MOB BJIU-
suust TKCIIT Ha rosoBHOI MO3r B OTHOIIEHUU BOCCTa-
HOBJIeHUS (DYHKUIMU peun. [1o 3TUM mpuYrnHaM MbI CYUTa-
€M KpaifHe BaXHBIM TIPOBECTU M3YUyeHHE OMOJIOTMUYECKUX
a¢pdexroB TKCIIT Ha peyeBbie 30HbBI. [10100HO MOMBITKAM
(bapmakosiornyeckoro jgeueHus adazuu UMEIOTCS JaHHbIE
0 HEWPOXUMUUECKHUX W3MEHEHUSX TIof HeWCTBUEM
TKCIIT, HanmpumMep n3MeHeHUe aKTUBHOCTH PELIENITOPOB_
N-merun-d-acnaprata [79a]. OnHako B ominuue ot dap-
makonorudeckoro jedeHus TKCIIT He umeeT cepbe3HbBIX
no6ouyHbeix 3¢dexkToB [78]. CraemosateabHo, TKCIIT
MOXeT ObITh 9(HEKTUBHBIM METOIOM JIeUeHUsI JIUIL ¢ aha-
31eii, Korjaa BOZHMKAIOT OMaceHUsI OTHOCUTEJIBHO B3aMO-
IIeICTBUSI HECKOJIBKMX JIEKAaPCTBEHHBIX IIperapatoB [23].

BxirroueHue MoBeaeHYeCKOM Teparmuu B GOJBITUHCTBO
ucciaegoBanuit TKCIIT mpu adazum MOXET MHpPersiTcT-
BOBaTh MOHMMaHMIO U30arMpoBaHHOro BausHus TKCIIT
Ha GYHKIMIO peuyd. BepHbIM cuMTaeTcsi yTBEpXKIeHUE,

Adaszus

8%

. TKCINT Bo Bpems nevyeHus |:| TKCMT po nevexus . Tonbko TKCMT

PucyHoK 1. lly6aunkaumnu B nepmog ¢ 2014 no 2015 r. MoXHO yBUAETb pa3/inyns B UCMO/Ib30BaHUM aBTOHOMHOWN TpaHCKpaHWasbHOM
CTUMYAALMKM NOCTOsIHHbIM ToKOM (TKCIIT), a TakKe cpoKax ee npoBeAeHUs (40 WaM BO BpPeMs Teparnuu) B UCCNeA0BaHUsIX ABUratesbHoOM
QYHKUMU KOHEYHOCTeN M apasum nocie mHeynbta. MctoyHuK: PubMed (Kputepuu novcka: TKCIIT/uHcynet, TKCIT/aBuratenbHas QyHKUMS,

TKCMT/aBuratensHas ¢yHKumusi/ nHeynbT, TKCIT/agpasus, TKCIT/peysb).
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yTto 3kcriepuMeHThI ¢ poBeaeHreM TKCIIT npu adazuun
0e3 JIoronenuyecKoil Tepanuu JUILAT Jul ¢ adazueit
MperMYyIIeCcTBa COYETAHHOU TepaIriy, HO B CBOIO oYepeb
9TO IO3BOJIUIO OBl YYEHBIM pa3paboTaThb YIYUIIEHHYIO
napagurmy TKCIIT, koTtopylo B majbHEWIIEM MOXHO
ObLTIO ObI coyeTaTh ¢ MOBeneHUYecKoil Tepamnueil. Kpome
TOTO, HECMOTPSI Ha HaJIMUMe HECKOJbKUX UCCIeIOBAaHUI
prusiHUs TKCIIT Ha nBurarenbHyto hyHKIIUIO 3M0POBbIX
JINIL, ee BIMSHUE Ha peueBYI0 (DYHKIIUIO Y 3M0POBBIX JIUII
He ObUIO TaKXKe TIIATeIbHO U3y4eHo (puc. 3).

B HayuyHoOI1 1uTepaType CylecTByeT MHOXECTBO Cepb-
€3HbIX 0030pOB O Mporpecce B 00JacTU UCCaeNOBaHUI
TKCIIT npu adasuu; ogHaKO 4uciio 0030pOB HECOU3-
MEPUMO C KOJIMYECTBOM BKCIEPUMEHTAIbHBIX HCCIIe-
noBaHuit (puc. 2). KonuuectBo 0630poB TKCIIT mpu
acda3uu maxe MPEeBLICUIIO 00bEM JIUTEPATYPHBIX JTaHHBIX
o BnusiHuu TKCIIT Ha aBuraTeibHyo GyHKINIO KOHEY-
HOCTeil, HecMOTpsi Ha OoJiee TMO3qHee MPUMEHEHUE
TKCIIT npu adasuu. DTo CBUAECTEIBLCTBYET O TOM, YTO
B autepatype o TKCIIT B peabunuranuuu rnocjie MHCYIb-
Ta B IIEJIOM CONEPXKUTCS MHOTO BaXXHBIX TUCKYCCH
00 a¢pdexktuBHocTr TKCIIT npu adazum ¢ HeGOIBIIUM
YUCJIOM OPUTHMHAIBHBIX UCCIEeI0BaHUI, TOANEePK1BAIO-
LIUX CITOPHI.

M. Hauser u coabt. [80] onmucanu apXuTeKTypy pedu
KaK CHCTEMY C CEHCOPHO-MOTOPHBIMU (YHKUMSIMHU,
OOHapyXeHHBIMU JTaXe y TMPUMATOB, C MOICHCTEMON,
TreHepupylolell pacluIiMpeHue CUHTaKcHca OT KOHIIETI-
TyanbHbIX npenctaBieHuit. CorinacHo M. Hauser u
coaBT. [80], sTa moacucrtemMa 3aTeM MEPEHOCUT TpaM-
MaTU4YeCKUe MPUHUUMBI B (DOHOIOTUYECKYIO CUCTEMY,
npuBoasi K (GOpMUPOBAHUIO OCMBICIEHHOU peun. Tem
HE MEHee B3aMMOCBSI3b peYM C IPYruMu GYyHKIMSI-
MM TOJOBHOTO MO3Ta IMPOMOJIKAET PaCKPHIBAThCS YIU-
BUTEJIbHBIMU crocob0aMu. fA3bIK — 3TO IMaAUYEeCKUid

WIM WHTEePaKTUBHBIN mpoiecc [81], KOTOpblil MOXHO
paccMaTpuBaTh B KOHTEKCTE COLMAJIbHONW KOMMYHU-
Kaluu, a TaKXe B KOHTEKCTE CHMHEepTU3Ma HEWPOHHBIX
CBSI3ell B 0OOJIACTSIX KOPBHI TOJIOBHOTO MO3Ta, KOTOpHIE
pacTIpoCTpaHsIOTCS Ha MHOTHME Apyrue usnmyeckue u
KOTHUTUBHBIE QyHKUMU 4yenaoBeka [24, 57, 75]. Bonpoc
O TOM, aHaJIOTMYHbIE JIU MEXaHU3Mbl NEHCTBYIOT MpU
BOCCTAHOBJICHUU JIBUTATEJbHON (YHKIIUM U (DYHKIIUU
peuu mocie MHCY/IbTa, cyllecTByeT naBHo. Hampumep,
MpY TIPOBEICHUU PETPOCIIEKTUBHOIO aHajanW3a MaHHBIX
21 mamueHTa Tocie MHCyabTa ¢ adasmeit R.M. Lazar
U coaBT. [82] mpenmosoXuiad BO3MOXHOCTb OIHOBpE-
MEHHOTO0 MYJIbTUMOJAJIBLHOTO BJIMSHUSI Ha Pa3iIvuvHbIe
00JIaCTU TOJJOBHOTO MO3Ta JJIsi BOCCTAHOBJICHMS ABUTa-
TeJIbHOUN (hyHKIIMM KOHEUYHOCTe U KoppeKiuu adasuu.
B uccnenoBanusax TKCIIT oGHapyXuiu cBsS3b MEXIY
BOCCTaHOBJIEHHEM peur ¥ QyHKIuY Kuctu [83], a Takxke
HEBBIPAXXEHHOE YCBOCHUE IBUTAaTEeIbHOTO HaBbiKa [84].
Kak ormetunu L. Dipper um coaBT. [83], HEJIUHIBM-
CTUYEeCKUE KOMIIOHEHTHl B peabuautanuu npu acbasuu
HaxoIsT Bce OoJjiblliee MOATBepkaAeHue. B manpHeimmx
HUCCAEOBAHUSAX MOXHO OYAeT M3y4uTb, OKa3bIBACT JIU
TKCIIT mocpencTBoM OIHOBPEMEHHON CTUMYISLIAU
OO0IIMX ABUTATEIbHBIX U PEYEBBIX 30H TOJOBHOTO MO3ra
aHaJIOTMYHOE BIUsSHUE Ha obllee yiayylieHue GyHKIIMo-
HaJIbHBIX UCXOMOB.

B 3akitoueHue, yauThiBasi pa3HooOpa3ue SI3bIKOB B TTPO-
tokosiax uccienosanuii TKCIIT npu adazuu, uHtepecHo
PACCMOTPETh PE3YJbTAThl MOCIEAHNX HEUPOJIUMHTBUCTHYE-
CKUX MCCJIeIOBaHMI, B KOTOPBIX YTBEPXKAaeTCs, YTo ¢hop-
MHUPOBaHUE PEYU aKTUBUPYETCS B PA3JIUUYHBIX OO0JACTSIX
MO3ra y HOCHUTENEed CTPYKTYPHO WM MOPGhOJIOTMYECKU
Pa3HOPOIHBIX SI3BIKOB, TAKMX KaK MaHIApMHCKOE Hapeure
KMTaMCKOTO S3blKa WJM WUBPUT MO CPABHEHUIO C aHIJIMM-
CKUM s3bIKOM [85—87]. B Oyaymux uccienoBaHUSIX

My6nvkaunm o nposeneHun TKCMT npu nHCynbTe

JBuratensHas GyHKUMS KOHEYHOCTEN

2005-2015

Adasusa

2008-2015

- OpurnHanbHble Hay4YHble CTaTbn |:| 0O630pHble cTaTbn

PucyHok 2. [ly6imKkaymm O MpOBEAEHUN TPaHCKPaHUaAbHON CTUMYAALUMU MOCTOSIHHbIM TOKoM (TKCIT) npu uHcynbte. [ly6numkauymmn
o nposegeHuun TKCIIT rpu HCYIbTe Npu Haaudnm HapyLleHus ABUratebHoN GYHKLMU KOHEYHOCTEN nan apasumn. MctoyHuk: PubMed (Kputepumn
noucka: TKCIT/aBuratenbHas ¢yHKUms/ nHeynbT, TKCIT/aBnratensHas QyHKUMS,/ nHCynbT/0630p, TKCIT/apasunsa, TKCIT/apasus/0630p).
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u DYHKUMS Y 300POBbLIX NNL, a bYHKLMSA NPU UHCYNbTE

Lk e
2012 2013 2014 2015

TKCNT/peub
Y 30.0POBbIX UL,

TKCNT/adasus
NPV HCYNbTE

| ]

PucyHoK 3. XpoHo10r1si NpoBeAeHN UCCNEA0BaHUI TPAHCKPaHUanbHoM CTUMYAsLMU NpsiMbiM TOKoM (TKCITT) npu HapyLlweHusx ABUratesibHon
GYHKUMU 1 ada3um. bbisio HaKoMIeHo 60Jibluee KOJIMYeCTBO AaHHbIX 0 BnsHUM TKCIT Ha ABuratenibHyto QYHKLMIO, 10 CPaBHEHWUIO C BAUSHUEM
TKCIMT Ha ¢yHKUMIO pedn y 340p0oBbiX L. McTodHuK: PubMed (Kputepumn noucka: TKCIMT/aBuratenbHas ¢yHKums, TKCIT/aBuratensHas

GyHKUmsi/ucHynbT, TKCIT/adpasus, TKCIT/peysb).

TKCIIT npu ada3uym BO3MOXHO IOJYYUTCSI CPaBHUTH
MOHTaX, TojsipHocTh U pesyabraTel TKCIIT y nmanuueH-
TOB, TOBOPSIIMX Ha Pa3IMUHBIX SI3bIKaX, a TAaKXKe Y JIWII,
TOBODPSIIIIMX Ha NIBYX s3bIKaxX, MO CPaBHEHMIO C JIMIIAMU,
TOBODPSIIIIUMU Ha OTHOM SI3BIKE.

HOBbIE BO3MO}HOCTU

IIpencraBiaeHHBIT OOIIMPHBIA 0030p JUTEPATYpPhI
no TKCIIT npu adaszuu npemnoctaBisieT 3HAYUTEIbHbIE
nepcrieKTuBbl. [lojydeHHBbIe pe3yabTaThl HaloT CIemylo-
IMe ornpaBIaHHble BO3MOXHOCTHU IS NaTbHEHIINX IKC-
nepumeHToB TKCIIT-Momynsanuu:

* 11 dY3HBIX MOTOPHBIX 00JIACTE i, TPEATION0XKUTENLHO
B3aUMOJIEUCTBYIOIIUX C TMEPUCUIBBUAPHBIMU pPEYEBBIMU
30HaAMM (HaTIpuMep, MO3XeYOK, JTOTIOJHUTEIbHAsT MOTOP-
Has 00J1acTh, U T.1.);

* KOPTUKAJIBHBIX PEUYEBBIX 30H WJM JIBUTATEIbHO-
peUYeBbIX MHOTOYUCIEHBI 30H C JOMOJHUTEJbHBIMU
MYJbTUAUCIUIUIMHAPHBIMU TapajurMaMi BOCCTAHOBU-
TeJIbHOU Tepanuu (dpusnmyeckasi, podeccuoHaabHas U
peueBas);

* KOPTMKAJIbHBIX pEYEBBIX 30H WJIM ABUTATEIBHO-pEYe-
BBIX 30H C MCITOJb30BaHUEM (DYHKIIMOHAIbHBIX TOKa-
3aTejiell BOCCTAaHOBJEHUSI peyd (Hampumep, OOIIeHUe
o TenedoHy, 3aKa3 bl B pecTopaHe, U T.I.);

* KOPTUKAJbHBIX PEYEBbIX 30H WJIM IBUTaTEIbHO-PEUYECBBIX

30H B COUYETaHUU C 00jiee MHTCHCUBHBIM JieueHUeM adasuu;
* JIMII, TOBOPSIIIMX Ha ABYX SI3bIKaX, OCOOEHHO IpHU

BBIPa)KEHHOM JIMHTBUCTUYECKOM Pa3 UMK 3TUX SI3bIKOB.

B BbIBOJbl

3a 8§ HeNpoIOKUTENbHBIX JIET B JUTepaType 1o ada-
3N OBIIM HAKOIIEHBI TEOPETUYECKHWE M TPAKTUIECKUE
nmaHHble o Metogax codetanuss TKCIIT ¢ moBeneHYecKoOit
Tepanuei oy JedeHus: ada3uu 1ociie nHcyabTa. HoBble
NaHHBIE YKa3bIBAIOT Ha MPSIMYIO CBSI3b MEXIY HEPBHBIMU
CEeTSIMM IBUTATEJIbHOM (DyHKIIMM KOHEYHOCTe 1 cucTeMa-
MU sI3bIKa U PeUU, OTKPBIBast MEPCITEKTUBHI TS TPUMEHE-
HUST METOMIOB, COYETAIONINX (pU3NIeCKHe U KOTHUTUBHEIE
pecypchl MPU BOCCTAHOBIICHUH TTOCIIe MHCYJIbTa TIOCPEI-
crBoM ucnonb3oBanusi TKCIIT u moBeneH4ecKoil Tepa-
nuu. Heiipodpusunonornyeckue ocHoBbl BiausHus TKCIIT
Ha peyeBble CyOCTpaThl TPeOYIOT AajibHeiiliero usyue-
HUSI, HO NIOCTYITHbIE AAHHBIC CBUIETEJIbCTBYIOT O TOM,
yto mponomkeHue uccienoBaHuit TKCIIT npu adazum
MO3BOJIUT pa3paboTaTh HOBBIE 3(DGHOEKTUBHBIE METOIbI
JiedeHus!, obecrieunBalonIie BOCCTAHOBJIEHWE TOJIOBHOTO
Mo3ra Iocjie 3TOro pacnpoCTPaHEHHOTO WHBATUAM3UDY-
IO1IEro 3a00JIeBaHUSI.
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